Timing of first reproduction is a key life-history variable with important implications for global economic development and health. Life-history theory predicts that human reproductive strategies are shaped by mortality regimes. This study provides the first test of the relationship between population-level adolescent fertility (AF) and extrinsic risk at two time points. Data are from United Nations database and were analysed using mediation and moderation techniques. The goals were to determine whether (i) early risk has a stronger impact on fertility than current risk; (ii) current risk mediates the relationship between early risk and fertility outcomes; and (iii) different levels of early risk influence the relationship between current risk and fertility. Results indicated that current risk partially mediated the relationship between early risk and fertility, with early risk having the strongest impact on reproduction. Measures for early and current mortality did not show significant interaction effects. However, a series of separate regression analyses using a quantile split of early risk indicated that high levels of early risk strengthened the relationship between current risk and AF. Overall, these findings demonstrate that reproductive strategies are significantly influenced by fluctuations of early mortality as well as current environmental cues of harshness.
INTRODUCTION
Timing of first reproduction is a key life-history variable with important implications for global economic development and health. Life-history theory predicts that human reproductive strategies are shaped by mortality regimes. Extrinsic mortality is the local risk of death that is not conditional on an organism's reproductive behaviour [1] . Statistically, extrinsic mortality can be defined as variance in the probability of death that is not accounted for by mating effort or parenting effort (or by extension trade-offs between reproductive and somatic effort). In other words, an organism cannot escape extrinsic mortality by changing its behaviour: it is the age-specific risk of death that is equally shared by all members of a population. Recent empirical advances have demonstrated that extrinsic mortality has profound influences on adaptive behaviour, such as reproductive effort [2] [3] [4] [5] . Here, we examine cross-national effects of mortality on timing of reproductive onset indicated by adolescent fertility rates (AFRs). We examine the interaction of population mortality levels around birth and in early life and compare those effects with mortality levels at age of maturity to identify canalization effects from those of facultative reproductive adjustments later in life.
Extrinsic mortality plays a key role in the evolution of life histories and reproductive strategies [1, 6 -10] . When extrinsic mortality is high, then organisms should reproduce relatively early in life to reduce mortality exposure over time and extend the length of the reproductive span, which should maximize fertility to 'beat the odds' that some offspring will die. Conversely, when extrinsic mortality is low, then differential reproductive success is contingent on resources invested in growth, development and parental effort rather than luck. Hence, in low extrinsic risk environments individuals may enhance fitness by delaying reproduction to accrue additional resources (including knowledge and skills), and by reducing fertility and increasing investment per offspring. These predicted relationships hold among mammals: juvenile mortality is negatively correlated with age at maturity, age at weaning, maternal investment and positively correlated with litter size, and pace of reproduction [9] .
Empirical evidence suggests that the relationship between mortality and life-history strategies is complex. Environmental effects often show nonlinear relations with parental investment and reproductive effort [3, 4, 5, 11] . Data from a rural Dominican village, for example, demonstrated that moderate levels of extrinsic mortality at birth predicted higher rates of fertility, but low environmental risk and very high environmental risk both resulted in phenotypically similar alterations in reproductive effort [5] . It appears likely that females shut down reproductive development in order to preserve somatic resources either for self-preservation or to accrue resources in highly stressful environments [11, 12] .
There is long-standing debate regarding the role of development in shaping human reproductive strategies, and questions remain concerning sensitive periods for development. Early childhood, from 1 to about 7 years, has been suggested as a sensitive period that has the strongest effects on adult outcomes [5,8,13 -17] . Recent adoption studies show that conditions in the first 42 months are important in shaping development, with a dose -response effect for duration and severity of environmental conditions [18] . The psychological and physiological mechanisms linking environmental risk to reproductive behaviour are unclear, but psychosocial stress, attachment and associated hormones have been implicated [8, 10, 19, 20] . Recently, Coall & Chisholm [20] demonstrated that the relationship between menarche and parental investment is influenced by fluctuations of early psychosocial stress, such that high levels of psychosocial stress led to lower levels of parental investment among mothers.
A second, though not necessarily mutually exclusive, line of thought suggests that it makes little adaptive sense to lock humans into an adult phenotype early in the life course because such canalization could lead to significant mismatch between adult phenotypes and the extant environment [5, 21, 22] . Hence, humans should be open to environmental influences throughout the life course and conditions at the age of maturity should be particularly salient in shaping behaviour. Mechanisms for later developmental effects are also unknown, but physiological pathways [12] and conscious decisionmaking are likely important. Cross-national empirical studies have not compared extrinsic mortality at birth and later in life to determine fertility outcomes. Here, we test the following questions: (i) Does early risk have a larger impact on fertility than current risk? (ii) Does current risk mediate the relationship between early risk and fertility? And (iii) Do different levels of early risk influence the relationship between current risk of death and reproductive outcomes? We use mediation and moderation analyses to test our hypotheses. Mediation analysis, or path analysis, is a tool to determine mechanisms that influence the relationship between a predictor and outcome variable. In this case, we use mediation analysis to determine whether current environmental risk mediates the relationship between early risk of death and AFRs. Moderation analysis is then used to test if different levels of early extrinsic risk influence the relationship between current risk and later reproduction.
METHODS
Data are from the United Nations database, which includes nation-level statistics on human development, health and multiple other indicators [23] . The original sample size included 176 countries. Data for variables are available in the electronic supplementary material. Techniques were not used to account for missing data during analyses; thus, the final sample size included 163 countries. 'Adolescent fertility rates (AFRs) in 2009' was selected as the outcome measure for fertility, and is defined as births per 1000 women ages 15-19 AFR. Although this measure does not directly address the timing of reproductive onset, it captures the fast/slow dimension of fertility outcomes; i.e. populations have higher rates of adolescent fertility when environmental conditions are harsh. Extrinsic risk around the year of birth for the 15-19 cohort was measured by 'female infant mortality rates (FIMRs) from 1995 to 2000' and 'infant mortality rates (IMRs) in 1995'. FIMR is measured as the 'probability of dying between birth and age 1' [24] , whereas IMR is a direct measure of the rate of deaths between birth and age 1 [25] . Data for both FIMR and IMR are expressed as deaths per 1000 births. Extrinsic risk in current environment was measured with 'adult mortality rates (AMRs) in 2007' and 'male mortality (MM) rates in 2007'. AMR and MM are defined as the 'probability of dying between 15 and 60 years per 1000 population' [26] . It should be noted that AMR does include deaths owing to maternal causes, which is considered a form intrinsic risk. However, research indicates that this value accounts for less than 0.5 per cent of adult mortality rates in 2005 and 2008, and the value has been decreasing over time [27, 28] . Thus, it is unlikely that this small percentage of intrinsic risk will mask the larger effects of extrinsic mortality on reproduction. Inclusion of male mortality rates provides an additional test of extrinsic risk to determine whether the small percentage of maternal deaths changes the outcome of AFRs. Furthermore, infant mortality measures for the current environment could not be used as a measure for risk owing to a high correlation to infant mortality rates in the early environment. Socioeconomic variables were included as control measures. Variables included human development index (HDI) in 2005 [29] , GNI per capita (GNI) in 2009 [30] , enrolment of females in primary education (PRIM) in 2005 [31] , enrolment of females in secondary education (SEC) in 2005 [32] and employment-to-population ratio of males (EMP) in 2006, ages 15 and older [31] . Table 1 provides the descriptive statistics for the variables. Data were analysed using MPLUS v. 6.1 [32] and STATA/IC v. 10.0 for Macintosh. MPLUS is a statistical software program that can be used for structural equation modelling and provides tools to test for mediated relationships among variables. Multiple linear regression and path analysis were used to test the hypotheses. The correlation [33] .
RESULTS
In the first phase of analysis, AFR was regressed on variable combinations of extrinsic risk (FIMR and AMR, IMR and AMR, FIMR and MM, IMR and MM). Next, control variables measuring education and socioeconomic factors were added sequentially to each model. Variables GNI, PRIM and SEC did not converge due to different measurement scales (see table 1 for minimum and maximum values). They were divided by 1000, but did not demonstrate statistically significant results. EMP was the only variable that resulted in statistically significant results with measures for current risk and early risk, and was retained in further analyses. Finally, quadratic effects were tested, but did not yield significant results.
In the second step, path analysis (mediation analysis) was conducted using MPLUS v. 6.1 to address the following questions: (i) Does extrinsic risk in early childhood have a stronger impact on fertility than current extrinsic risk? And (ii) Does current extrinsic risk mediate the relationship between early extrinsic risk and fertility outcomes? The model was tested using maximum-likelihood robust estimation to correct for non-normal data (see table 1 for skewness and kurtosis values.
1 In order for current risk (CR) to mediate the relationship between early risk of death (ER) and AFR, results must display the following characteristics: (i) ER must be significantly related to AFR; (ii) ER must be significantly associated with CR; and (iii) CR must be significantly related to AFR [34] . Results from the path analysis across all variable combinations satisfied these requirements.
A benefit of using maximum-likelihood estimation is that it provides information for 'goodness of fit', or the extent to which the proposed model fits the data. Model fit indices included Chi-square statistic (x 2 ; study criterion of p . 0.010), comparative fit index (CFI; study criterion of greater than 0.95), root mean square error (RMSEA; study criterion of 0.08 or lower) and standardized root mean residual (SRMR; study criterion of 0.08 or lower).
Separate models were analysed using each combination of early and current extrinsic risk to determine the best fitting model. For the purpose of simplicity, the model demonstrating the best global fit will be presented here, and includes variables IMR, AMR, and EMP. Global fit for all four models is presented in table 3. Overall, the models displayed good global fit, except for the RMSEA values. These high values often occur owing to small sample size and few degrees of freedom, but do not necessarily indicate that the model is ill fit [33] . At first, we tested whether IMR had a stronger impact than AMR on AFR. Results indicated that IMR had a stronger direct effect on AFR than AMR (IMR: b ¼ 0.47, p , 0.001; AMR: b ¼ 0.18, p , 0.01). Table 4 presents the direct effects for all models of early and current extrinsic risk, and shows support that all measures for early risk had a stronger impact on fertility than current risk.
Across all four models, current risk partially mediated the relationship between early risk and AFR, controlling for the effect of EMP (table 4). by multiplying the main direct effect of IMR ! AMR and AMR ! AFR. Thus, a one standard deviation increase in IMR predicted a 0.18 unit increase in AFR, through the prior impact of AMR and controlling for the effect of EMP (p ¼ 0.003). Overall, this model explains 60 per cent of the variance in AFR. These findings lend support that the effects of early extrinsic risk on subsequent reproduction are mediated by current environmental cues; however, early extrinsic risk has the strongest total effect on reproductive behaviour (table 4) . Finally, we were interested in testing whether different levels of early extrinsic risk influenced the relationship between current risk of death and AF outcomes. Moderation analysis was conducted in STATA/IC v. 10.0 to test this hypothesis among all variable combinations measuring early and current extrinsic risk. First, the continuous Â continuous interaction effect between current risk and early risk was included in regression analyses that initially measured the main effects for each variable combination and controlled for the effect of EMP. Results did not yield statistically significant interactions for any of the models. Interaction effects were also tested for EMP and both measures for extrinsic risk. Results were not significant. New measures for early risk were then created using three quantiles for low, moderate and high risk in STATA/IC v. 10. A series of regression analyses were conducted at each level of early risk for all variable combinations while controlling for EMP. Across models, results were significant at all 3 levels of risk in the early environment. Figure 2 displays the relationship between AMR and AFR at three levels of IMR. Findings indicate that at low levels of early extrinsic risk, fertility rates remain low in the presence of current risk. This pattern suggests that current risk of death does not cause populations to shift to a fast life-history strategy if extrinsic risk was low in the sensitive period. Perhaps these populations did not acquire the cognitive/behavioural 'tools' in the early environment that lead to increased mating effort in response high risk of death. Conversely, populations that experience high levels of early extrinsic risk display a fast life-history strategy in the presence of current extrinsic risk (figure 2). In this case, current risk may serve as a recognizable cue for populations to increase mating effort.
This relationship between early and current risk remained stable across all variable combinations and shed additional light on the mediated relationship between early extrinsic risk and AFR by suggesting that early environmental cues canalize reproductive behaviour (see electronic supplementary material for results).
DISCUSSION
Results were significant for main effects of extrinsic mortality in infancy and at maturity on fertility rates. Early extrinsic risk had a larger impact on fertility than current risk; however, conditions in the current environment partially mediated the relationship between early extrinsic risk and subsequent fertility. Results from the moderation analysis were not significant, but a quantile split at three levels suggested that different levels of early risk influence the relationship between current extrinsic risk and reproduction. Harsh conditions in the early environment resulted in a stronger relationship between current risk and fertility outcomes. This result is consistent with a sensitive period in early childhood (from 1 to about 7 years) [5,8,13 -15,17] , and is similar to a suggestion made by Low et al.
[3] regarding fertility patterns in Zimbabwe. These researchers found high-population-level mortality rates in the current environment in association with delayed reproduction. Low et al. [3] proposed that this pattern was due to the recent and rapid spread of HIV. Findings such as these may benefit from a closer examination of how conditions across the lifespan influence timing and pace of reproduction. By using findings from the current study, it may be predicted that those populations delaying reproduction in the presence of current risk faced low levels of early extrinsic risk and may not have developed behavioural strategies to respond to harsh environmental cues. This study has several limitations that need to be addressed. First, we did not use life expectancy as a measure for early extrinsic mortality, which diverges from previous research on life-history outcomes [3, 35] . However, early principals of life-history theory indicate that local mortality rates are a primary predictor of fertility [7] , and cross-disciplinary research shows that mortality rates are a reliable indicator of extrinsic risk in shaping life-history strategies [5, 36, 37] . Furthermore, other studies demonstrate that life expectancy and infant mortality rates are strongly correlated [38, 39] . Thus, our measures for extrinsic risk may not be a serious limitation, but future research should focus on other indicators for extrinsic risk in shaping reproductive behaviour.
Use of nation-level data is also problematic, as methodological inconsistencies sometimes lead to less-than ideal data. We compensated for this by using the most up-to-date statistics available from the UN database (see the electronic supplementary material). Furthermore, multiple historical, ecological, psychological and social factors shape reproductive outcomes. Our models accounted for approximately 60 per cent of AFRs, which suggests that other factors are influencing reproduction. Unfortunately, the UN database does not include these measures. This limitation provides another avenue of future research that focuses on specific cultures to test the interaction between early and current extrinsic risk. Despite these potential concerns, our significant findings support both theoretical and empirical research that examines developmental and environmental factors that shape life-history strategies, and provides the first populationlevel examination of the interaction between early and current extrinsic risk in shaping fertility outcomes.
Life-history theory provides a framework to investigate environmental cues that shape timing of reproduction. Empirical research is beginning to demonstrate a nonlinear, complex relationship between extrinsic risk and fertility outcomes [3, 5] . Our results draw attention to the complex relationship between early and current environmental risk at the population-level. Although extrinsic mortality at birth strongly canalizes adult reproductive effort, current risk of mortality also appears to influence fertility patterns across populations.
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